The Italian multicentric study on centenarians (IMSC) was aimed at assessing the level of preservation of the sense of taste, and at estimating to what extent the recognition of various gustative stimuli can give satisfaction and information regarding the surrounding environment for the centenarians. Taste sensitivity has been qualitatively established in a group of 126 Italian centenarians (mean age 101.9 9 1.4 years) and compared to that of a group of 100 elderly subjects (mean age 70.5 95.0 years). All the individuals included in the study groups had a mini mental state examination (MMSE) score larger than 19. The results revealed that taste sensitivity is significantly reduced in the centenarians; as a matter of fact, the elderly control subjects are able to perceive taste stimuli in 84.2593.40% of the testing, while the centenarians were successful only in 74.23 9 6.19% of the experiments (P B 0.001). Furthermore, elderly subjects can correctly recognize taste stimuli in 70% of the testings, while correct recognition amounted only to 49.25% in cases of centenarians assessed. In spite of these differences between the elderly and centenarians, the latter are still able to perceive and recognize taste stimuli adequately, and as a consequence, are able to obtain information on tastes and receive a sufficient sensory stimulation through the tasting pathway.
Introduction
The record for maximum life span in humans is held by the 122-year-old French woman Jeanne Calmant (Guinnes dei primati, 1997) who has died recently. The life span is determined almost certainly by genetic factors and is influenced by numerous, difficult to assess, environmental and socioeconomic factors. The great Elders age, but retain their homeostatic mechanisms, and this fact is currently one of the most interesting aspects in the field of geriatric research. Although it is actually impossible to interfere with genetic programs, longevity is markedly influenced by all the exogenous factors, like pathogenic agents, diet, lifestyle, physical activity, and psychosocial factors, which are able to alter the realization of the individual genetic programs.
Numerous university departments, geriatric and gerontologic units established the Italian multicentric study of centenarians (IMSC, 1995) , co-ordinated by L. Motta, G. Receputo and C. Franceschi, aimed at studying the living conditions of Italian centenarians. Only scarce data are available in the literature on the centenarians, and our study furnished a precise profile of this population and confirmed the rectangularization of the survival curve. The IMSC group assessed socioeconomic, clinical, biological and behavioural aspects, including sensory information which is of great importance, since it regulates emotional, mnemonic and learning functions underlying various behavioural models. The fact that sensory pathways represent the only communication pathway between humans and the environment suggest the investigation of these pathways in centenarians, in order to evaluate if, and to what extent, these subjects can communicate with the environment. The present study describes the sense of taste in centenarians.
Humans perceive four main tastes: salty, sweet, sour and bitter. Taste is linked to the presence of chemoreceptors on the surface of the tongue which are stimulated by chemical substances. Taste receptors are represented by about 10 000 taste buds contained in the filiform and fungiform papillae which are mainly found on the tongue. The impulses generated in the taste receptors are transmitted to the nucleus tractus solitaris in the spinal bulb along the facial, glossopharyngeal and the vagus nerves (Testut and Latarjet, 1971) . The gustative messages pass through the medial lemniscus to the ventroposteromedial nuclei of the controlateral hypothalumus, and then continue to the lowest part of the postcentral gyrus of the parietal lobe in the anterior insular opercular cortex. Lesions in these areas determine reduced gustative sensitivity and stimulation to awake subjects induces gustative sensations. According to some scientists, the two gustative areas appear to have different functions: the parietal area may be responsible for localizing the gustative stimuli, while the anterior insular opercular, one seems to discriminate the quality of tastes (Manni, 1982) . Literary data on sensory pathways in the oldest old population are rather scarce (Schiffman, 1977; Ordy and Brizzee, 1979; Baldelli et al., 1987a; Receputo et al., 1996) . In order to complete this sort of information, we have conducted a double-aimed study: (1) to assess whether the sense of taste is preserved in centenarians at all, and if yes, to what extent; and (2) whether recognition of various gustative stimuli can give satisfactory information on the environment.
Subjects and methods
A census conducted from March to December, 1993, throughout the Italian territory, evaluated a population of 16 541 202 inhabitants, equal to about 29.02% of the total population. This census personally contacted and recorded 1162 centenarians (938 females and 234 males). Of this population, 382 (302 females and 80 males; age range 100 -109 years, mean age 101.3 9 1.9 years) were randomly selected. The cognitive performance of this group was estimated by the MMSE (Folstein et al., 1975) :126 centenarians (100 females and 26 males; mean age 101.99 1.4 years) reached a score larger than 19, which is necessary to perform the taste test. The threshold value of 19 was taken as a reference, since it is considered to be valid for the Italian population, offering a sensitivity of 100% and a specificity of 95% (Valente et al., 1992) . The results of centenarians were compared with those obtained in a control group of 100 elderly subjects (52 females and 48 males; age range 67 -76 years, mean age 70.59 5.0 years) having a MMSE score larger than 19.
The taste tests were carried out during the morning time at the homes of the centenarians, while the control elderly subjects were tested at the hospital centers. The four main tastes were always presented to the studied individuals using the listed substances in the following order: (1) sweet: 32 g/l sucrose in distilled water; (2) sour: 3.2 g/l tartaric acid in distilled water; (3) salty: 8 g/l sodium chloride in distilled water; and (4) bitter: 0.016 g/l quinine sulfate in distilled water. Between the main tastes blanks of distilled water were applied.
Taste recognition tests
The tests were conducted on fasting subject who had not smoked or drank at least during the last hour. Moreover, he/she had been invited to rinse out his/her mouth with deionized water immediately before the test. Some characteristics were kept constant in order to avoid any bias of the subject, e.g. identical containers were used for the various test substances, the samples were served at room temperature and given in the same order. Moreover, the observers presenting the samples remained as neutral as possible. The subject received 10 ml solution of the test substance and was then asked whether he/she had perceived any taste. The answers were classified as perception of taste (if the answer correctly indicated the presence of any taste) and recognition (if the answer correctly indicated the quality of taste as well) (Baldelli et al., 1987b; Receputo et al., 1996) . The recognition score scale ranged from 0 (no correct recognition) to 4 (1-4 correct recognitions of the four tested taste). The substances were given at 10-min intervals and were interchanged with blank tests.
Statistical analysis was performed using Student's t-test for unpaired data. Percentages are expressed in the total study population group. F/M Female/male ratio.
Results
Centenarians' perceptive capacity was well conserved as an elevated percentage furnished correct answers. In fact, 83.3% of the 126 subjects tested perceived, but did not recognize, the sweet taste, 70.6% the sour taste, 73% the salty and 70% the bitter taste. The results showed that perception of the sweet taste prevailed, even if the difference between responses was not significant. Furthermore, a high and homogeneous percentage of subjects correctly perceived the three blanks (76.5, 74 and 78%, respectively), revealing that centenarians perceive taste stimuli. Positive responses according to sex did not show any great differences between males and females (males 76% vs. females 74%) ( Table 1) .
Correct recognition of the gustative stimuli (sweet, salty, sour, bitter) (49.25%) was lower than mere stimulation (74.23%) ( Table 2) as recognition of any sensory stimulus implies cortical activity involving cognitive functions that are only par- Table 2 Comparison between centenarians' and elderly subjects' capacity to recognize taste stimuli tially used in perceptive activity. It is evident that more people perceive a stimulus, than recognize it. Nevertheless, our results revealed that a sufficient number of centenarians were capable of recognizing a perceived taste stimulus accurately. This was true for all the substances (54% for sweet stimulus, 44% for sour, 51% for salty and 48% for bitter). Grouping into age and sex classes revealed a non significant increase in the number of males who recognized the stimuli (51% vs. 47.5%). Our study series seemed to have the greatest difficulty in recognizing the sour taste.
As shown in Table 1 , the overall perceptive capacity of the elderly controls was rather high (84.25%) and it is quite well conserved even in the centenarians (74.23%). Accordingly, the values for the missed perception scores amounted to 15.75 and 25.77% in the controls and centenarians, respectively.
As regards the correct recognition of the given tastes, the scores are considerably lower in both the elderly controls and the centenarians (elderly: 70%; centenarians: 49.25%). In the elderly controls, the mean score was 2.36 9 0.64, whereas, the centenarians displayed a mean score of only 1.419 1.74.
Discussion
Comparison of the results of the taste recognition test obtained in the centenarians with those observed in the elderly subjects revealed that taste recognition was significantly reduced (PB0.001) in the former (Table 2) .
Our data showed that taste was sufficiently preserved in our centenarian population and was still a possible source of information and pleasure in very old age, even if recognition of taste stimuli was significantly reduced. It is difficult to establish the causes of this reduction in centenarians, even if the following hypothesis can be put forward: (1) the reduction may be determined by physiological age-related processes involving the chemoceptors, nuclei and taste pathways; and (2) the occurrence of ischemic or hemorrhagic events of the taste pathways and/or cerebral nuclei during aging. This is supported by data from an autopsy study on 141 centenarians in the Trieste Region (IMSC, 1995) which revealed an elevated number of cerebrovascular diseases (33%).
Appendix A
There were 20 University Centers who collaborated in the IMSC. This report was made possible by their enthusiastic co-operation in preparing the case sheets, recording the series and data processing.
The success of the IMSC must be shared equally among all the members of study centers. 
